The outcome in 53 children following severe head injury is presented. All children were graded using the Glasgow Coma Scale; 90% made a good recovery or were moderately disabled, and 8% died or were left vegetative. All patients were treated with controlled ventilation and steroids; mannitol, and, if necessary, Nembutal (pentobarbital) were used to maintain the intracranial pressure below 20 torr. With this regimen, only one death occurred due to uncontrollable intracranial hypertension. All patients with a coma scale of 5 or greater recovered well. The worst prognostic sign was the presence of flaccidity: 33% of these patients died or were vegetative. Five of seven patients who were decerebrate or flaccid with bilateral fixed pupils and absent caloric responses made a good recovery or were moderately disabled. The relatively low incidence of mass lesions (23%) and high incidence of diffuse cerebral swelling (34,%) suggest a different pathophysiological response of the child's brain to injury, which may play a role in the improved survival of children following severe head injury when compared to adults.
A
COMPARISON of the clinical outcome following head injury among different series of patients has not been possible because either the description of the patient groups has been inadequate for the purpose, or differences in clinical classification have been too great for comparisons to be made, even when the patient material has been presented in detail.
Several years ago, Teasdale and Jennett 28 proposed a system of clinical evaluation which has been termed the "Glasgow Coma Scale." Jennett and his colleagues have accumulated a series of some 700 patients evaluated by the Glasgow Coma Scale from four neurological or neurosurgical centers located in Glasgow, Groningen, Rotterdam, and Los Angeles. They have published data on various aspects of this combined series, including clinical outcome. 14, 15 The mortality rate among the four centers was remarkably similar, ranging from 49% to 52%, despite the fact that no attempt was made to standardize diagnosis or management, and there were large differences among the centers in such variables as the incidence of intracranial hematomas and the length of time from injury to admission to the neurosurgical or neurological unit where the patient received definitive management. In contrast to the similar mortality data, severe morbidity, characterized by the Glasgow group as severe disability or persistent vegetative state, ranged from a low of 6% in The Netherlands 2 reported quite different results in 148 patients who were evaluated by the Glasgow Coma Scale, and who appeared to have suffered about the same range of injuries and had a similar mean injury scale as the patients reported by the Glasgow group. The mortality rate was 32%. Even more encouraging than this reduction in mortality was the fact that the incidence of severe disability and vegetative state was only slightly higher than the results reported by the Glasgow group. Thus, the outcome was rated as good recovery or moderate disability in 57% of the patients. Clinical experience indicates that children recover from head injury better than do adults, and these impressions receive support from the clinical studies of Cedermark 6 and Akerlund. 1 It is difficult to make a comparison, however, because of the difference between series in patient populations. For example, in the study reported by Craft, et al., 8 only one of 200 children was in coma for more than 6 hours. In children with particularly severe head injuries reported by Hendrick," the mortality rate was 44%, and Pazzaglia, et al., 2~ reported a 35% mortality D. A. Bruce, et al. rate for children under the age of 10 years, and 42% mortality in those between the ages of 11 and 20 years. These data suggest that the differences between children and adults may not be so great if children with lesser injuries are not included.
The purpose of this paper is to report the outcome in 53 children treated at the Children's Hospital of Philadelphia (CHOP) for severe head injuries as defined by the criteria of Teasdale and Jennett, 23 and to compare these results with reports from other centers, particularly the combined study reported by Jennett, et al., 15 and Becker, et al. 2 
Clinical Material
The Glasgow Coma Scale is presented in Table 1 . This is a 14-point scale that we have used to evaluate all the patients in this report. The scale includes three components: eye opening, best verbal response, and best motor response. The best motor response in any limb is recorded so as to err on the side of characterizing the injury as less serious than it actually is; this is done in order not to overstate the good results.
The value given to any patient is the sum of one number taken from each of the three categories of evaluation, so that a value of 3 is the most profound coma recordable by the scale, and a normal person has a value of 14. The severity of the head injury was also evaluated by the size and reaction of pupils to light, the oculovestibular response to coldwater stimulation, the status of the gag reflex, and the respiratory pattern. This additional information was necessary to completely describe the patient's neurological injury, and to allow comparison with other series of head-injured children in which the Glasgow Coma Scale was not used.
In the 2-year period between January, 1975, and January, 1977, 289 head-injured children were admitted to the neurosurgical service at CHOP. Of these patients, 53 fulfilled the criteria for severe head injury designated by the Glasgow group; namely, unconsciousness for longer than 6 hours, and inability to obey commands, to utter recognizable words, or to open the eyes. When the injury had occurred more than 6 hours before admission, only those patients who were still in coma at the time of admission were included. Patients who were un-conscious and had a lucid interval, then deteriorated to coma, were included only when the second period of unconsciousness had exceeded 6 hours.
The patients ranged in age from 4 months to 17 years, with a mean age for the group of 7.2 years. The etiology of the injury was: automobile accidents in 38 patients, falls in nine, child abuse in four, a sledding accident in one, and a soccer injury in one. Twenty patients were admitted within 6 hours of injury, 19 between 6 and 24 hours, 10 between 24 hours and 48 hours, and four between 48 hours and 7 days. Fourteen patients had associated injuries consisting of long-bone fractures or rupture of a viscus.
Following emergency evaluation on arrival at CHOP, all patients were assigned a coma score and the status of the pupils and caloric responses were recorded. In those patients who arrived after 6 hours, it was on the basis of this examination that they were assigned to the study. All these patients were managed with endotracheal intubation, controlled ventilation to a PaCO2 of 25 to 30 torr, Decadron (dexamethasone) in doses of 0.5 to 1.5 mg/kg, and control of systemic complications by appropriate management. All but four of the 53 patients had a computerized tomography (CT) scan immediately following admission, and 27 patients had continuous recording of intracranial pressure (ICP), 26 with a modification of the Richmond screw, TM and one with an intraventricular cannula. The ICP was monitored in 81% of patients who were decerebrate or flaccid, and 83% of patients who were in Grade 3 or 4 coma. Only two patients with a coma score of 5 or greater had ICP monitoring, and in neither of these was the ICP elevated. Hypertonic mannitol, hypothermia, and intravenous Nembutal (pentobarbital) were used in various combinations to maintain ICP at 20 torr or less.
For the purposes of reporting outcome, all patients were evaluated at 6 months or more after their injury. The categories of outcome were: 1) good recovery, a patient who can lead a full and independent life with or without minimal neurological deficit; 2) moderately disabled, patients having neurological or intellectual impairment but are independent; 3) severely disabled, conscious patients but totally dependent on others to get through the activities of the day; 4) vegetative survival; and 5) death? 8 
Summary of Cases
The clinical and some of the morphological characteristics of the patients are presented in Table 2 . Considering the severity of the injuries the number of mass lesions is relatively small compared to most adult series. Particularly noteworthy is the very low incidence of intracerebral hematomas and the absence of contusions diagnosed by CT scan. Diffuse swelling is defined by CT scan as small or absent ventricles and absence of the basal cisterns, particularly the perimesencephalic cistern which is so well seen in normal patients. One-third of the patients had diffuse brain swelling by these criteria. The severity of the injuries is attested to by fixed pupils in nearly one-third of the patients, impaired or absent caloric responses in the same number, and decerebration or flaccidity in three-fifths of the patients. Table 2 also gives various combinations of neurological signs. Note the low incidence of normal pupils and impaired or absent oculovestibular reflexes compared to the relatively high incidence of fixed pupils and normal oculovestibular reflexes. This pattern fits the concept of Ommaya and Gen- narelli 19 of a radial injury in which the upper portion of the brain stem is more readily damaged than the lower brain stem. Fourteen of the 53 patients (26%) were operated on for extradural or subdural hematomas and depressed skull fractures. The two acute subdural hematomas without fracture were not operated on, and no external or internal decompressions were performed for intracranial hypertension.
The outcome is presented in Table 3 : 90% of the children made a good recovery or had moderate disability at 6 months following the accident; 97% of those over 5 years of age are in school. One of the three deaths was due to uncontrollable intracranial hypertension in which the ICP rose to the level of the systemic arterial pressure just before death. Neither of the other two deaths was a direct result of the head injury. One was due to Gram-negative sepsis secondary to a liver abscess that occurred 1 week following trauma, and the other was due to interstitial pulmonary fibrosis 5 weeks after the accident, at a time when significant neurological recovery had occurred. At postmortem examination in the patient with sepsis, diffuse lesions including small lacerations of the corpus callosum and petechial hemorrhages extended throughout the core of the brain stem. One patient was severely disabled and another patient was in a persistent vegetative state at 6 months following injury. Table 4 relates the outcome to the neurological findings when the patients were admitted to the study after at least 6 hours of coma. The presence of a mass lesion did not influence outcome. Among the five patients who did poorly or died, only one was in the group of 12 patients with a mass lesion. All of the three patients who died were decerebrate or flaccid, and had pupillary abnormalities; one of the three patients had absent caloric responses. However, several patients with similar combinations of neurological signs did well, and five of seven patients who were decerebrate or flaccid and who had fixed pupils and impaired or absent caloric responses were in Group I (good recovery and moderately disabled) ( Table 4 ).
An ICP in excess of 20 torr was recorded some time during the course of management in 80% of the 27 patients in whom ICP was recorded continuously. Transient increases in ICP from endotracheal suctioning, change in position, and other maneuvers were excluded. Three of the five patients in the poor results and dead categories had an ICP in excess of 40 torr, but, of equal importance, two patients in these categories had never had a recorded increase in ICP (Table 5) . It is important to note that by the time continuous recording of ICP was initiated, nearly all of the patients had been intubated and hyperventilated, and in many patients other treatment had also been started. Perhaps ICP was significantly elevated on admission in a number of these patients and contributed to their neurological picture. The bad results were distributed about equally among three subgroups according to age ( Table 6 ). The numbers are too small to determine if, in fact, there is a gradation in results across the pediatric age group. Table 7 shows the relationship of outcome to score on the Glasgow Coma Scale. The value of the Coma Scale is evidenced from the fact that all of the patients who did poorly or died had 4 or less points at the time they were entered into the study and all of the patients who scored 5 points or better did well. However, the numbers are too small for statistical significance. There was a correlation between the best motor response and outcome. One-third of the flaccid patients did poorly or died, whereas all of the patients who withdrew in response to pain did well (Table  8 ) (X ~ = 4.52, p < 0.05).
Becker, et aL, ~ compared their results in Richmond with several other series of headinjured patients including the Glasgow and Netherlands components of the Glasgow-led study group. In Table 9 we have modified their table and have included our own data and the results from Los Angeles. Also, we have added the incidence of a lucid interval among the various series. The average age in the CHOP series is, of course, much younger than the other series, all of which were mixtures of children and adults. The incidence of mass lesions in the patients seen at CHOP was much lower than in all of the other series except that in The Netherlands. All of the clinical features except the oculocephalic reflex indicate a greater severity of brain dysfunction in our children compared to any of the other series. The incidence of oculovestibular response impairment in the Glasgow and Los Angeles series is similar to our own (Table 9 ). 
Discussion
The Children's Hospital of Philadelphia (CHOP) is a referral center for children with head injuries, and many of our patients arrive with a delay of some hours to some days posttrauma. This delay is because of: 1) time spent in emergency resuscitation in the primary hospital, 2) distance of transfer, which is frequently greater than 30 minutes, and 3) failure of the patients to improve over a short period of observation or delayed deterioration in a patient's clinical status. Shock secondary to long-bone fractures or abdominal injury, or the presence of seizures in children, may make the initial neurological status appear worse than it really is. Also, children frequently recover rapidly from traumatic unconsciousness after tlmpaired or absent oculocephalic response. :~The outcome data from Glasgow, The Netherlands, and Los Angeles are based on 1000 cases. I~ hospitalization and, if they are evaluated immediately, a more severe pathological injury may be suspected than is really present. By excluding patients in coma for less than 6 hours' duration we hope to have excluded those patients whose injury is less severe than their initial neurological examination suggested. Certainly, some severely injured children die before transfer to CHOP, but this does not detract from the significance of the outcome statistics since only those children who are still in deep coma at the time of arrival at CHOP are included in this report. Most other large studies examining outcome after severe head injury have required a coma duration of 6 to 24 hours, s,Sas and thus we feel our data are comparable. Although 26% of the patients were admitted after 24 hours, only 8% were admitted after 48 hours. The timing of admission of patients in this series is very similar to that of the series reported from Glasgow by Jennett, et al.? 4 where 30% of the patients were admitted after 24 hours. In comparing the Glasgow series to the series from The Netherlands in which the patients were admitted to hospital within the first few hours after their injury, Jennett found no difference in mortality rate (52%), nor in the number of patients exhibiting good recovery or moderate disability (39% and 42%, respectively) ~4 (Table 9 ). The major factor is the neurological state of the patient at the time of admission to the study group and, indeed, Jennett has shown that duration of coma has a direct correlation with a predictively poor outcome?'
The Glasgow Coma Scale was used in evaluating our patients to make this series as comparable as possible to future series of severely head-injured patients and to the data base established by Jennett, et al? 5 We are well aware that the coma scale does not adequately define the severity of the injury, and we have examined and recorded the pupillary and oculocephalic responses, respirations, and vital signs (Table 2) to categorize clearly the neurological state of the patient. We have included all patients seen by us in this time period, those with and without a mass lesion, and those who were flaccid with absent pupillary and oculocephalic responses.
The incidence of mass lesions in the CHOP patients was much less than in the other series, with the exception of The Netherlands' segment of the Glasgow group (Table 9) . Becker, et al.,2 found a difference in mortality between patients who had a shift of the midline (measured from ventriculograms) of 10 mm or more (53%), and patients in whom the midline shift was 9 mm or less (25%). These observations suggest that patients with a mass lesion have a poor prognosis. In addi-tion to the low incidence of hematomas in our series, none of the 49 patients who had CT scans showed hemorrhagic contusions. Considering the accuracy of the CT scanner in the detection of hematoma, contusion, and edema, this is one of the most remarkable observations in our group of patients, and may be a significant factor in the low morbidity and mortality. A low incidence of cerebral laceration and contusion has also been noted at autopsy in children who died from head injury. TM In order to compare results in the future, we believe it will be necessary to group patients based on the morphological consequences of the injury demonstrated by the CT scan in addition to the clinical classification.
Despite the very low incidence of intracranial hematoma and the absence of contusion, one-third of the patients demonstrated diffuse brain swelling. In other series, this has been recorded as the commonest clinical finding in children dying from head injury. TM Our patients with this picture have been studied in more detail and will be the subject of another report? ,25 In brief, the brain swelling appears to be due to cerebrovascular dilatation and increased cerebral blood volume, manifested by an increase in CT scan density in swollen brain, not the decrease that would be present if the swelling were due to edema, and by a diffuse increase in cerebral blood flow considerably above the normal value, not the decrease in blood flow seen in unconscious adult patients following head injury. TM The diffuse brain swelling, long recognized by neurosurgeons as a complication of head injury in children and often described as malignant brain edema, the low incidence of parenchymal lesions in children in profound coma with impaired brain-stem function, and the better prognosis compared to adults indicate that the symptomatology and pathophysiology of head injury are different in children and adults. If the severity of injury recorded by the Coma Scale is the same, yet the dynamics of injury, the pathophysiological responses, and the outcome are all different in children compared to adults, does this imply that the Coma Scale will be less accurate in predicting outcome in children? If the threshold for neurophysiological dysfunction is lower in children than in adults, then for the same input force to the brain, the recorded neurological picture will be worse in *Group II = severely disabled/vegetative. tMortality rate of 45 70 was with no or low-dose Decadron therapy, 167o mortality rate was with high-dose Decadron therapy.
:~Severely disabled only. w both persistent vegetative state and deaths.
the child. Thus, a coma score that in an adult would be associated with severe parenchymal injury and a poor prognosis for recovery may be associated with less cerebral injury and, therefore, a better prognosis for recovery in the child.
While this difference in threshold might account for the improved outcome in our series when compared to the adult series, it does not account for the difference seen when the CHOP series is compared with other series in children (Table 10) . Gruszkiewicz, et al., 1~ reported 100% mortality for children admitted in flaccid coma. In our series, this finding carried the worst prognosis of all the clinical signs, but the combined mortality and severe morbidity was only 33% (Table 8) , and 66% made a good recovery or were moderately disabled. The mortality associated with decerebration in head injuries in patients aged 20 years or less has been reported as 71%) 50%, 1~ and 44% ~ (Table 11 ). In the present series there were only two deaths among 23 decerebrate patients, or 9.5% (Table 8) there is a much better outcome in all categories in the present series. The overall outcome in several large series of severe pediatric head injuries is shown in Table 10 . The results of the present series, once again, are much better. The most comparable groups should be those reported by Jennett, et al., 15 and Becker, et al. 2 Becker reported 34% combined mortality, persistent vegetative state, and severe disability, and 66% good recovery in patients aged 19 years and under. Jennett's figures is were 49% and 51%, respectively, while in the present series only 10% of patients were in the combined group of patients who died, were persistently vegetative, or severely disabled, while 90% made a good recovery or were moderately disabled. We do not believe that this difference can be explained by the timing of the arrival of the patient at CHOP, or by the inclusion of patients of lesser degrees of injury. Table 9 shows that the incidence of decerebration or flaccidity and dilated pupils was higher in this series than in the others, although the incidence of absent caloric responses was slightly lower. The majority of primary deaths due to head injury have been shown to occur within the first week, and 92% of our patients were seen within the first 48 hours after injury. Our findings that mortality, both primary and secondary, was significantly lower following severe head trauma in children than in adults are in direct contrast with the findings of others. did not differ between adults and children, and Bricolo, et al., 3 found that in the presence of decerebration age did not influence outcome.
The contribution of diagnosis and management to the difference in results among series of patients is difficult to assess, but in the long run is the most important question to be answered. It is well known that the primary mechanical brain injury may be reversible, but irreversible damage often is superimposed on the primary injury by a sequence of brain swelling, intracranial hypertension, cerebral ischemia complicated by infection, or pulmonary difficulties. These complications have been called the "secondary head injury," and we believe they contribute significantly to the poor outcome following major head injury. This is the first large series of severely head-injured patients in whom CT scanning has been routinely obtained early in the course of the injury. The CT scan has contributed to the very early diagnosis of intracranial mass lesions, and has permitted rapid surgical intervention when necessary. Equally importantly, it has obviated the need for unnecessary surgery and has allowed extreme measures (namely, paralysis and barbiturate coma) to be used to control the ICP with the assurance that a surgical lesion has not been overlooked. The intensive care of our patients in a specialized pediatric hospital by a team consisting of the general pediatrician, pediatric anesthesiologist with special interest in intensive care, and pediatric neurosurgeons has, we feel, positively contributed to the patient's care and to the avoidance or early treatment of pulmonary problems, fluid and electrolyte imbalance, and infections, and to the safety of such therapy as deep barbiturate coma. The ICP was monitored in over 80% of the patients who had a coma score of 3 or 4, or who were decerebrate or flaccid. Intracranial pressure was rarely monitored in patients with coma scores over 6, since our experience was that these children all recovered and did not exhibit intracranial hypertension. 4 Intracranial hypertension (over 20 torr) was recorded in 81% of those monitored. These patients all required therapy with mannitol, hypothermia, and/or barbiturates in addition to steroid and hyperventilation. We believe that this aggressive control of ICP also contributed to a decreased amount of secondary injury, and thus lowered the mortality and morbidity rates. Miller, et al., 17 have shown in patients with diffuse cerebral injury, which was the probable pathological lesion in the majority of our patients, that as ICP increases so does the mortality rate. The fact that the majority of early deaths in pediatric patients are due to intracranial hypertension is supported by the frequent autopsy finding of diffuse cerebral swelling? e The use of large doses of dexamethasone (0.5 to 1.5 mg/kg/day) may also have contributed to the improved outcome. Gobiet, et al.? reported a decrease in mortality in severely head-injured children from 45% to 16% with the use of 1.5 mg/kg/day of Decadron.
Summary
A series of severely head-injured children is presented with a low mortality and morbidity. We believe that several factors have contributed to the very good outcome in this group of patients. The use of the CT scan has facilitated the early diagnosis and rapid removal of surgically treatable lesions. Equally important, by confirming the absence of a mass lesion, it has permitted the use of therapy that suppresses signs of a deteriorating neurological state but controls elevated ICP, paralysis, and barbiturates. These children were cared for in a pediatric hospital by a team of pediatric specialists, and this undoubtedly helped to ameliorate the occurrence and effects of such secondary complications as shock, hypoxia, hypercarbia, fluid and electrolyte imbalance, and infection. We also believe that the aggressive control of intracranial hypertension, that occurred in over 80% of the most severely injured patients, contributed significantly to the improved survival and lowered morbidity in this series. The standardization of the neurological examination, the clinical criteria for admission to the study, and other features of head-injured patients such as the findings on CT scan may provide information that can be used to reliably predict outcome in children. We suggest caution in applying data derived mainly from adults to predict outcome in children, since we believe that our own data demonstrates that with a multidisciplinary approach in a pediatric hospital, even the most severely head-injured children have a good prognosis for survival. Our studies suggest a different pathophysiology of head injury in children compared to adults and we believe that the threshold for neurophysiological dysfunction may be lower in children than in adults, and this may account in part for the improved outcome.
